Milk processing consumes a large amount of water and generates 6-10 liters of effluent per liter of milk processed. An effluent volume is approximately four times the volume of processed milk. Since the pollutants generated by industry are great losses of production, improvements in production efficiency are recommended to reduce pollutant loads. In this research a series of experimental studies were conducted with regard to bioconversion of organic fraction of municipal solid waste along with dairy waste water at different C/N ratios. About 50 kg of shredded waste containing dairy waste water, saw dust, and organic fraction of municipal solid waste was placed in static piles of different proportions and 500 ml of effective microorganisms was added to them. The variation in physical and chemical parameters was monitored throughout the process. Results indicate that co composting of dairy waste water with municipal solid waste produces compost that is more stable and homogenous and can be effectively used as soil conditioner.
Introduction
The dairy industry involves processing raw milk into products such as consumer milk, butter, cheese, yogurt, condensed milk, dried milk (milk powder), and ice cream, using the processes such as chilling, pasteurization, and homogenization. Typical byproducts include buttermilk, whey, and their derivatives. The effluent is organic, slightly alkaline, but becomes acidic due to decomposition of lactose into lactic acid, followed by precipitation of casein into a highly odoriferous black sludge. When discharged into water body, especially a stagnant one, the effluent brings about rapid depletion of the dissolved oxygen, adversely affecting its ecosystem. Dairy effluents contain dissolved sugars and proteins, fats, and possible residues of additives. The key parameters are biochemical oxygen demand (BOD), with an average ranging from 0.8 to 2.5 kilograms per metric ton (kg/t) of milk in the untreated effluent; chemical oxygen demand (COD), which is normally about 1.5 times the BOD level; total suspended solids, at 100-1,000 milligrams per liter (mg/l); total dissolved solids: phosphorus (10-100 mg/l), and nitrogen (about 6% of the BOD level). Cream, butter, cheese, and whey production are major sources of BOD in effluents. The waste load equivalents of specific milk constituents are: 1 kg of milk fat = 3 kg COD; 1 kg of lactose = 1.13 kg COD; and 1 kg protein = 1.36 kg COD. Pretreatment of effluents comprises screening, flow equalization, neutralization, and air flotation (removing of fats and solids); it is normally followed by biological treatment. If space is available, land treatment or pond systems are potential treatment methods. Other possible biological treatment systems include trickling filters, rotating biological contactors, and activated sludge treatment. The wastewater may contain pathogens from contaminated materials or production processes. Hence, an effective biological treatment process such as composting is required to mitigate organic load on water bodies. Rapid urbanization has led to overstressing urban infrastructure services including municipal solid waste management because of poor resources (Akolkar A.B 2005) . Tamilnadu is one among the most urbanized states in India with 43.86% of state population living in urban areas. The rate of urbanization in Tamilnadu has doubled from 22% in 1961 to the present level in 2001 (CPHEEO 2000) . The organic fraction of municipal solid waste can be beneficially used by co-composting with dairy waste water. The composting process is one of the bestknown processes for biological stabilization of solid organic wastes by transforming them into a safer and more stabilized material that can be used as a source of nutrients and soil conditioner in agricultural applications (Michel et al. 1996) . To achieve a successful composting, the influencing factors such as temperature, moisture content, aeration, pH, C/N ratio, and composting mixtures should be appropriately controlled (Mengchun Gao et al. 2010) .
Materials and Methods

Waste Characteristics
The study was conducted at the Vellalur Composting yard of Coimbatore corporation, Coimbatore, India. In this study, different ratios of waste mixtures and sawdust, as required for individual trials, amounting to approximately 50 kg for each mix ratio, were placed in 12 heaps and mixed together. The static pile was placed on the appropriate sloping concrete floor for drainage. The effective length of the pile was 0.6 m with a width and height of 0.5m or 0.3 m, respectively. The organic fraction of MSW was collected from Vellalore municipal composting yard and saw dust from saw mills near Kinathukadavu, Coimbatore. Dairy sludge was obtained from Aavin dairy farm, Perur. The substances were manually mixed in different proportions with an addition of effective micro-organisms as indicated in Table 1 and turned into piles.
Turning was uniformly done with the help of a wooden rod on alternate days to provide the air for microbes digesting the organics (Mazumdar N B et al. 2007) . The major composition of the waste included vegetable and fruit waste. A 500 ml solution of effective micro-organisms including Phospobacteria, Azospirillum lipoferum, Acetobacter aerogens, Trichodema viridi was added to the reactors during loading. That was the quantity of EM solution per the compost yard recommended by technical regulations for composting 50 kg of organic waste. Since the solution was prepared at the very yard, it was also economically feasible. 2000 ml of deionized water was also initially added and those reactors were watered on alternate days to keep the moisture level at an optimum range from 55% to 60% (Salakinkop S R et al. 2008) . The final compost in reactors was reevaluated for its stability based on the temperature, pH, color and odor, C/N ratio at the end of 30 days of composting. The results are tabulated in Table 2 . 
Results and Discussion
Initial characteristics and their variation of in a biodegradable portion of municipal solid waste obtained from Vellalore yard, Coimbatore, are given in Table 2 . Initial values of phosphorus and potassium were high, indicating high initial nutrient values in the waste. Micro-nutrients and heavy metals were also high for the waste. Initial C/N ratio of 40.31 was suitable for the composting process. High levels of EC indicate the presence of soluble salts, and initial pH indicates alkaline conditions due to the alkaline nature of municipal refuse. Initial characteristics of the dairy waste water are listed in Table 3 . The organic matter in the sludge indicates that it is highly biodegradable. The presence of micro-nutrients in the organic waste indicates its possible conversion into high quality compost.
Variation in temperature
The temperature has been widely recognized as one of the most important parameters in the composting process (Strom 1985) . The rise and fall in the temperature have been found to strongly correlate with microbial activity (Tiquia et al. 1996) . The temperature exceeding 55 0 C is necessary to destroy pathogens in the composting mixture for at least three consecutive days (Zhang and He 2006).
The temperature patterns of different mix ratios A, B, and C are presented in Fig 1. The temperature was monitored during the compost cycle on alternate days. In the first trial, OFMSW and dairy industry sludge were mixed with untreated sawdust in a ratio of 1:3 (Weight basis). Maximum temperatures in the range of 45 to 46°C were reached within 6 days of operation, but then declined to 29 °C at the end of the composting trial. Decline in temperature started from the sixth day and reached the ambient temperature levels at the end of the composting period. The decline in temperature was more rapid in the second week. In the second trial, OFMSW and dairy industry sludge were mixed with untreated sawdust in a ratio of 1:6 (Weight basis). Maximum temperatures in the range of approximately 48 to 53°C were reached within 8 days of operation, but then declined very slowly in a range of 27 to 28 °C at the end of the composting trial. Decline in temperature started from the eighth day and reached the ambient temperature levels at the end of the trial.
In the third trial, OFMSW and dairy industry sludge were mixed with untreated sawdust in a ratio of 1:9 (Weight basis). Maximum temperatures in the range of approximately 57 to 62°C were reached within 8 days of operation. The temperature in the pile remained above 40°C for most of the initial part of the composting trial. There was a decline in the temperature to about 38°C and rapidly reached the ambient temperature levels after 20 days.
The comparison of temperature variations in the piles A, B, and C reveals that the highest temperature of 62 0 C in the thermophilic range was reached in Pile C on the eighth day of composting and it was maintained over the ambient levels for 20 days, indicating higher biodegradation levels than the other mix ratios.
During most of the test period, temperatures of the composting mass increased on the very second day. Due to quick degradation of well mixed compost by acclimated effective microorganisms, a rapid temperature increase up to 42 o C was observed in Pile C. The three mix ratios containing dairy industry sludge reached the thermophilic range during the initial phase of composting.
Fig. 1. Variation of temperature during composting
Variation in pH
The pH values of the air dried samples of the initial waste mixture for static piles A, B, and C were 7.03, 6.65 and 6.92, respectively, according to the values presented in Fig.2 . The pH value reached at the end of the composting cycle and at the level of three piles was of about 7.4 (Fig. 2 ). An increase in pH values can be considered as an indicator of maturity. Maximum value of 8.54 reached by A on day 16, maximum value of 8.3 reached by B and C on day 18 are a result of the release of ammonia from ammonification and mineralization of organic nitrogen during the initial phase of composting (Wong et al. 2001) . After that, the pH gradually decreased and stabilized in alkali values of all three composting mixtures. All the static piles have shown an increase in pH from the initial values and a gradual decrease to near neutral values at the end of composting due to decomposition of organic matter from OFMSW and dairy waste water.
Fig. 2.
Variation of pH during composting
Variation in pile height
A slow settlement from an initial height of the composting mass of 26.3 cm to about 13.2 cm occurred in the pile during the completion of the test period as shown in Fig 3. The mix settlement in P2B was comparatively higher. The mix settled from initial 24.6 cm to 13.8 cm at the end of the composting period. In C the mix height reduced from 21.8 cm to 13.3 cm. The height reductions or settlement in A, B, and C was 49.8, 43.9, and 38.99 %, respectively. The settlement was higher in the mix ratio 1:3 compared to the other mix ratios with dairy sludge amendment. Fig. 3 .
Variation of pile height during composting
Variation in pile weight
The weight of the composting mixture has considerably decreased in all static piles. In A the weight decreased from an initial value of 56.8 kg to 21.6 kg at the end of the composting period as shown in Fig.4 . Similar weight decrease in B was 53.2 kg to 11.1 kg and in C the weight decrease was from 53.2 to 17.6 kg at the end of the composting period. The percentage weight reduction in A, B, and C were 61.97%, 79.13% and 66.91%, respectively. The maximum weight reduction was observed in B with a mix ratio of 1:9.
Fig. 4.
Variation of pile weight during composting
Variation in TOC
In the first mix ratio, the composting mixture initially consisted of about 34.6% of TOC, increasing to about 41.1% at the end of 18 days, and decreasing thereafter to 27.8% at the end of 46 days, as shown in Fig.5 . The composting mixture in the second mix ratio initially consisted of about 34.8% of TOC, changing to about 40.8% at the end of 14 days of active composting and decreasing gradually to 27.1% at the end of the trial. In the third mix ratio, the composting mixture initially consisted of about 29.4% of TOC, changing to about 36.9% at the end of 18 days of active composting and thereafter decreasing to 27.5% after 30 days of composting.
Fig. 5.
Variation of total organic carbon during composting 3.6. Variation in EC Fig. 6 shows a similar pattern of change in EC for the three composting mixtures. EC in composting mixtures of A, B, and C increased from the initial 1.7, 1.8 and 2.0 dS /m to the maximum 2.6, 1.5, and 1.4 dS/m on the 12 th ,14 th ,12 th day, respectively, followed by a gradual decrease till the end of the composting process. The initial EC increase could be caused by the release of mineral salts such as phosphates and ammonium ions through decomposition of organic substances. As the composting process progressed, volatilization of ammonia and precipitation of mineral salts could be the possible reasons for the decrease in EC at the later phase of composting. After 46 days of composting, the EC contents of the composting mixture in A, B, and C were 0.5, 0.5 and 0.7 dS/m, respectively, which did not exceed the limit value of 3 dS/ m for stable composts. Table 4 represents final characteristics of the compost after the end of the process. Then C/N values stabilized to less than 20. C/N values (<25) at the end of the composting process indicates stability of the compost and its being within the standard limits. The values indicate that the product can be effectively used as soil fertilizer.
Conclusions
Chemical and physical characteristics of solid waste (constituents, pH, and moisture) and operating conditions of solid waste composting (carbon-tonitrogen ratio, reaction temperature, and time) impose significant effects on the ecological succession of microorganisms, and the rate of biodegradation. The static pile composting method can be applied to domestic waste, with some alterations in the process, such as source segregation of organic and inorganic fractions of domestic waste. High organic loading on water bodies due to disposal of dairy waste water can be greatly reduced by choosing a low cost alternative such as a static pile composting method for composting dairy sludge with organic fraction of municipal solid waste.
